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#3 iff-* i^sf7l ^12. a) iflw-ofl ^ cfloiE] ^ aij: 

tt ^-4^- n^r^# if-tVt^-. ^.H^i 3 = ^ DLL 5)5. S. n]ol ^ misled f ^ a]Jto] ofl 

.£ 8 

#^ if?-, ^1e^ ofle^ DLL .2.^ 3 = 
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# y o v, M {Memory device for itself compensating clock skew occurring centering error and 
clock skew compensating method} 

£ l£- ^ (common clock) w 0 v ^^r ^^*r^ -£^1^-. 

£ 2^r £ 1^ ^ E}o]nl ^^i- £^olnf. 

£ 3^r ii ^£L3-M^ y o V ^-i: ii^Hr S-^^l^. 

£ 5rr RAMBUS DRAM^ cflo]Ei S.^o)t\., 

5. 6^ RDRAJWH^ #^ ^ ^ Aljr ^ *V ^JL ii^Rr 

£ 7^r *fl^U(Hasting) DLL ii^}-^ S^jtf. 
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^] 

< 10 > g-ig o. ofls.^ ^V^ojl 3^5., ^ aJj^ #^ nflolEi A]jr 

4*1 3 U oil 5]1- #2} i^l- iL^^ *1<£ bJ-^i s]S.(Delay Locked Loop)» £. 

^lS-el ^ zl ^ff iL^ w o Vl ?H ^ 

<n> Aj^Efl ujioj 4^7} 100MHz °R>J1S ^r^l ^ #^ (clocking) ^^Hil ^sj- 

7} ^Jl*}7ti 7l^^ ^ M (common clock) ^J^HH ^le ^3.5. ^(source 

synchronous) y o v ^£-5. "<HM HHfloL 

<12> £ 1^ ^ #^ (common clock) u o V ^# ii^Rr S^l^. 0 ]» % V S^>^ , 

(CLK)^r ^<2Rr ^£3. ^It^t^ *H^£H, =e}ol^(no)^ #^(CLK)<H] -§-W^ 

3HEi(Data)«- ^l^r^, 2^1*1(130)^ #^(CLK)<>fl ^s}<^ dH e| (Data)* 

<13> £ 2^r -£ 1^ ^-f- w o >^^ EfolDj Cfol^^efl Aji^Kr ojf 

^, #^(CLK) ^1*1 ^ Hi ^1 *1<3 *l#(tl) *ofl JELeMttK 110)3. ^o] 
ol^-^^ji, JBE}o)i^(iio)^ c-flojEi ^ a]^ o_3-fEi ^12 *l<g *)Q(t2)3\- A]^ 
(t3)^- ^ aJtJ ^Lofl ^A]^(i30)s. 3HEi7} =^€4. *fll *1<S *RKtl)£- H&MttKiio) 

^*fl ^l^fe ^l^-^^i, ^12 Al^V( t 2)^ 5^(120)^- ^^r^i ^I'Mrr 

o]JL, *fl3 A)7_>( t3 )^ E)AlH](130)oH $m ^1<^£1^ Al^Volcf. 

<i4> oje^v ^-g- H o v ^HH, t-lMEi ^A]ol #s}(CLKHl -^7ls]£S. e|-7l £)^r # 

^ ^7l(tCLKmin)^ cf^-sf ^o] ^5^4. 
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<15> l] tCLKmin=tl+t2+t3 

<16> ^-§- a o v *HH^r £\± ^7]^ IIS <a*H #^(CLK)* Jl^^-A] ^o] 

lr7>^*>cf. o]6|| tfl*H s)^ -3-^ ^7l(tCLKmin)^ t 2 *j£-* #0)7] ^tb ^<L£-, S. 3-Bf 

?J (120)4 ^SMl ^£l£ s}?J(220)* ¥<H , 3^ #^ ^7l (tCLKminHH t 2 

^<S^.SM1 c-flolEi(Data)^- #^(CLK) ^0")^ ^ e^_o^_ o}^ eM^ 1 «-<^^ 
(timing uncertainty)* #9J4. 3*1*1(130)5. 3HBl^ £ ^.^^^.0], 

(CLK) <*fl*H ^7}^6\ #^€4. 
<17> tr^S, #^(CLK)^ #^ ^3]#(210, 230)* ^ ^IJll- ^^>7ll 

31, wl3JH-(210, 230)* #*]-SRr cfl iis]^ ^l<g Al^i-Ctl, t3)£ #^ ^ff 

(clock skew)* H-O^t}. cfl o] e1 *l^g- ^*fl*>^- ^cf . ^-^ ^ 

» ^Tl^l ^tr ^ o. S) PLL cc^- DLL s\s_ 7 } A>-g-^cf. PLL iE^=r DLL ^1^7> 
°J/#^5]^r #3 t^*} *1<3 Aj-afl^. §3 xijr^. °l #3 

^J^l -^71^1 CHI Oj Ei 1- U^2l^ vflji^ O.S*l , #^ Ol 71- ^ 

^7l^Cf. 

<18> -£ 7 lAi Djj^^ ^ f ^^cfl SDRAM °fl fe- DLL S)5# * r -g-*M *±5L*\ #23 

cflol^sl 7} ^7ls)£^ ^^*>^cf. s-t^l ^Hl^ c] ^ (Rambus DRAM: o]^} "RDRAM" 0 ! 2}- 
%i*Vcf)3j- ^ iffl^ ^(packet based) DRAM^ £ 5^ ^o] ( t\]o]B\ aI^o} ^ 

# -f-^ a1Jl(CTM)<H1 ^o]e1 ^#^o] ojcHuj-s^. ^Tfltl-cf. 

<19> £ 6^ RDRAM °ll A i -2] #^ c-llojE-] Aj^r « a ^t $M 2)5. -g^*Rr 3E^olc}. 

°]» %^^>^, CTM(Clock-To-Master) #^ ^1^^- #^ SeM^ ^-a>-«(620)^ a] 
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51» ^*Rr DLL 4^(610)^-4^ 90° 444* gxr tclkO #4 4-£4 tclk90 #4 4Jl 
7> t^44. tclkO #4 4Jl^ 4l 3 3. (630)1- -f-Sfl #3 4^»(671, 672, 673, 674)^- ^ 

tclk #4 ^113. 1^44. tclk90 #3 4JLtt afll 45.(630)4 -§^444 ^44^ 
^12 35.(640)1 3 444 4^(660)4 4 4 #4 #3 = 444-1-4 4<£ 4#* SL#*rfe- 
#^ = 4°14 ^A].«-(620)» -f-*fl DLL 45.(610)5. ^l^^. tclkO #4 4Ji^r *U ^5 
(630)4 ^4 ^13 ^5(650)« **fl 4^4^r #3 4:^1 4*11 ^47}- 2:44 tclk90 # 
4 4Jl^ *fl2 45(640)4 ^ -tl^^l 4*fl ^47} ^444. 

tclk #4 4:^4 4*11 ^4^4tt 444, 444 4^(674)4 #4 = 4°14(684)1- 
-f-4 4"44^r M 444(DQ0)^ CTM -1-4 4JL5^4 90° 444tt #^ 4J:4 -^714^ 
#^44 4-&4, 444(DQ0)^ 444^5 CTM #4 4-M 444 =L 444 SL 

4 €4. 

Zl44, 44, 44444 44 (interconnect ion line), #^ =444 44^(620) ^ 

4 44 444 44 44, 4s 454 ^oi ( ^ 4^o) =.o. s o]^ ^ ^ 
44(DQ)4 CTM #4 4i^ 33-4 90° 447} 44 ^47} 4-^44. 41- ^4 44 
44 CTM #4 4^44 ^44 ^14 (centering error)4^1 44. ^4% °H4# *M4tt 4 
4°-5, 4^4(Hasting) DLL 4571- £ 7<Hl 5-444 $14. 

5. 74 4^ DLL 45(700)44^r CTM #4 4^4 #3 =444 44^(620)4 #4 

#4 4^4 4441- 4-t^Hr 44 4-1^(710), 44 41^(710)4 ^44^ 4^ 

^4°lH ^4(720), 4^ ^4°1B 44(720)4 #^4 2= (offset code)!- ^44^ 

YJ4HK730), 44Pr-(730)4 -§-#44 tclkO #4 A Jit 444^ 41 44 44(740) 
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sq- 2)^ ^EflojE ^Al(720)^ #§H -§-#*M tclk90 #^ ^SHr *fl2 41 # ^ 

(750)1- i^W. 

< 23 > CTM ^IJL^ #3 tilolEi(DQ0)5] ofle^ofl tsfl#*Hr ^o.jl, ^ 

^ cflolEKDQO) Efol^i a} jr^ A>-g-£j^ tclkO 4!J-afl ^7>*}<*| iL^t}. 

^31, 0} SL^jl Ml-e^ RDRAM A>o]^ -§-A],g- 2)^0) ^o. u-o> 7 >^ -4^-1- 

^7\S. lis Sfrfe i£3 0 l 01 cf. 

<24> neiss., RDRAM *}*fl<M 7>aio] ^ ^ojEi ^0.5. .e^e^^-ji zl CTM #^ 

^1^^ wlJU^H ^.a^i =73= .g. ^ 01^ wj-tfo] s^^-cfig, ^-Hl-el^- RDRAM 

[^ol ol^^ ^ 7^ 47^)] 
<25> Mj-tgo] 12.30. c^u. 3.^ xi ^ ^ dlojEi AjJ^o] ojjgjg. ^ O.?]^ iff 

<26> ^- cf-E ^ -I"^ ^IJl <>fl*Hl #^ T3flo]Ei Ajjro] f^l^°l 

^B^I^Itt #&) if? « 0 Hg^ afl^fe CI] ol Cf. 

^ ^ ^] 

#^ 4U:#^ if?# a.^-^ s]s #^ HH^i ^]^4 ^ #3} A]^ 

^ *>» ^ 5E^r cf^r !H3sRr if? Ji^-i: IKIfe ^ 

e^ti-eflol^ A]^^ oioHo]^-^ J 7 > 03 nf-g- Aljrcfl -g-#*H 3£f 
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*U £ A}2 ^^V« AA ^1 *fl2 #^ ^*Hf DLL g& *Hi 

w>^^>7lS. ( DLL flSfe- ^ 0°^ ^71 £±r 41 

^IJ^ 90° afl2 3#*V« 5fe ^12 ^iJll- ^S^Hr c-1], DLL 

^ #3 ^1^^ ^#*Hr 41 # ^#^1 ^^B 3#*HI 

^(variable delay amount)!- S^^>^ ^3HH u]X\; ?£?)wz]]o]# 

^tflolH njAjSj #^^g- *fl2 ^H*-; *\}2 #§H -g-#ijH ^1 ^ 

^ ^12 ^ ^i^f* SL^tf. 

^.H^i iH^Rr *3 cf^r n-SrB^; ls]Uj|]ol^ Alj^j .£.3^ ^ = 

^3*Kr DLL s]^-; ^11 M a] ^ 7 }. ^o]^- i^>^ ^11 ^s.^-; ^^sf 

-^H^l T 1 ^ s l ^ ^-71 ^12 #§i ^1^7f ^-Sl^ ^12 ^JM 3 -; ^11 S#^£]J1 ?l 

■^^^^l ^^ijt ^2 ^-71 ^12 #e} Ai^=. <y^^>o^ D LL ^o) = mh 

A l7l^ £-&>°l^ 4^^^ i^-tb^-. 
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♦ 3#*H <3 2^ t}£ 1^3 #7fl; i-ff- sl>£# <£&1^ ^tUlH^ ^1^^ ^ 

^tt 4& ^S^l -g-#S}^ di^S] 3Et iHJ^Hr #7)1; DLL -f-*fl #2} 

413^ XU ^ *fl2 fl#*M- 5Hr XU #3} aj|2 -te} 41Jl«- ^^Rr #7fl; DLL 

^Jl^ sqjfL aij:^ <a#*}-«- #31; fl#*HI -§-#«H 7>£ *1 

<S ^(variable delay amount)* S^*>^ #7fl ; * ^ s| w. efl °1 41 41 M -g-^SH ^-^Hr 7> 

^-71 iH^M ^fl*H, °H1 4^- ^Is-el #*i<a] #^ cfloi 

^ XI l #3 Ai^:^ »12 iJ-^Hr #711; 41^5+ «q 

^ ?! ellielM^ %^5|-£1jdl ^ se^ a]s<^1 -g-#*H i^ ^-^ 

*}tt #711; ^H3^€ *Sel t±3H^ ^l^^l -§-#SH .2=* XU #^ -il^s}- 

XI 1 ^lli S.#Sl^ #^ C-flolE^ ^IJrSl oflxll- <^^Al7l^ #711; ^ iifl <>1 >Q 

-§-^-*>^ ^H^! 2Ef el^Ai^l^ #711; ^ -2.^^ s=^l Sl^lofl ^-#^><^ 5-1 w- 

#^ ^*>7l , °flS.El ^1 xfl-^-ofl ^#^-2(- <3-cf£ 7>^rEl» 
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ifHl SLS.^. SS.* ^^A]^lcf. ^.a^l DLL sjSS s]o] = «H£]o] 

SE f e^ ^,2.^ ^Al-g- ^ ^.H.^! 3£f ^^A] 71 71 ^££1 -f^ 

<33> 1^:4 -g-^-o] ol^ ^ ig-tgoj ^aHI ^Sl^r ^^-i: 

*1 °]*H*1-7l ^*)H^r ^lAl^o] ^AHl^- ^zjj-fe ^ 5Li£ ^ ^ JE^ofl 7 l 7 fl 

<34> oi^, ^ wV^t!: ^*H» ii^f-<L5*), -g- 

A cHl*l ^^*}-Cf. 7\ H^oll ^a]^ ^^«V J^l* 
<35> 51 8^ ^"^^ <^^Al^oH n}^ nflsel ^SRr -£^^14. ^"2:^, 

*fl2.£] #*1(800)^ DLL 5)3.(810), ^1 ^S^-(820), A]2 ^^(830), ^3 ^5.^(840), # 
^ ^o]u\ 4a>«.(850), ^^#(860, 871, 872, 873, 874), #^ B.^o] ^#(881, 882, 
883, 884), ^#^(890), ^-cf^ 9}^] (895)1- 5Ef-?Vtl. 

<36> DLL 33(810)tt CTM ^IJ:^- #^ ^eHH 4a]-«-(850)^ #^ ^]Jl a>o]o] 

^^V» 3#*Rr *fll 3H V ^#^-(811), *)U 3# ^#^-(811)^1 -§-#*Kr ^EflolH 

^^1(812), ^-cf-S: 7>£e1 (895)5. -"M SL*$ (OFFSET C0DE)£|- 23e)w.3HAi x\ 

S(CAL)# ^*Rr *fll ^HK813), ^ojH ^(812)^ #^4 *fll ^^-(813)^ 

^^Hir *fl2 ^Kf(814), ^12 ^^Pf(814)^ -§-#*H *U ^3L(tclk0)«- ^ 

SJ-fe *fll ^^-¥-(815), ZLZlJL ^Eflole ^a]( 812 )o) ^^dl -§-#sH ^12 #^ ^]^(tclk90) 
# i^s}^ ^12 niA^( 8 16)l- i^-*Vcf. 
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<37> XI 1 ^5.^(820)^ DLL S)S(810HH i|MJ£|fe- XU #^ ^lJL(tclk0)7> #^ = 4°ltH 

€-(881, 882, 883, 884)4 ^»(871, 872, 873, 874)5. Xl^€ ^4*1 ^X^^ 

-§-5}^<?l ^ 4 <?!-§- 51^1^4. X]l ^ls(tclkO)^ XU ^Jf(820)» #«fl q]^ 
-*lJ:(tclk)5. 1H9€4-. 

<38> Xl2 ^sL^(830)-& XU ^^-(820)4 #33*1 xH-9l°.3. ^^JL, Xl2 # 

^ ^l^(tclk90)» ^4°3 n. £\-9l°.S. *]*M- i5^M XI 2 x\^L 

(tclk90)4 2:^4. 
<39> XI 3 ^5.-^(840)^7 XI 1 ^5.-^(820)4 ^^*V 3^ 4°JA5- ^4<H, XI 1 # 

^I^(tclk0)7> XI 1 ^S^- (820)1- ^^^l ^7)±t 4<2 .HB^H xU -g^ A]Jr 

(tclkO)4 ^f4« ^§tt4. 
<40> XI 2 ^5-?-(830)-i- -§-4^- XI 2 ^S(tclk90)^ 4^(860)4 #^ JELeJ-oj^ ^-a> 

^ (850)1- -f-*H DLL 3} 5.(810)4 XI 1 ^#-^(811)5 XR€4. 4 ^-¥-(860) 4 #^ = 

4°1*1 44-¥-(850)tt vflJf 4l;£(tclk)4 ^i-?-l-(871, 872, 873, 874)4 %;% 

^°lttm(881, 882, 883, 884)2] Jf*> ^ 4<g Aj^Kg- DLL ^3.(810)5 X1^4tt XI 2 
^15L(tclk90)^l ^r<S«V7l ^4°i a>-8-€4. 
<4i> ^j=l ^ ^s(tclk)^ = 4°1 1*1(881, 882, 883, 884)4 o^S]^ ^^#(871, 

872, 873, 874)-g- 5.-^4^14. ^|JZ.e| #4(800)4 ^ 45 -g-e*(4 £ a] )6j)^ #^4fe vfl 
3H4(Data)4 #^ ^!JL(tclkH -g-^Rr 4^ J f : i-(871, 872, 873, 874)4 #^£r 

#^ =4°l^-i-(881, 882, 883, 884)# ^43H*!4. ^e}^, ^^1:(871, 872, 873, 874) 
^ 444 X14 4^-¥-(874)^ ^4«-3M^ A]jr( CAL) ofl a} X|4 #^ ^4°1 ^(884)* 

■=P-^1^ #^ X].EL(DQx)5 HH4* #34*14. 
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< 42 > #^ JELeH^l- ~ *fl4 #^ H-Ej-o]^ (884)1- ^^(874) #<N 

°1 7flolB<Hl 3*1 #<y-(VSSH n ^ofl ^^slJi, t-flojE-1 #^ 2fl = (DQx)^l =l = 

°]& ^(Vterm, ^1^1)^1 ^^(Rterm, d]£a1)4 o^sH , a^H 3. 

<43> A]2 ^#-^-(890)^ *\)o]B\ #^ 3fl^.(DQx)S #^S)^ c-flolEi^ CTM #^ ^]JL2f 

^ ^*V» 3. ^ofl a)- 5} ^(UP) a] J: cf^(DOWN) ^3*3:4. ^H^i 

#^ sfli^DQx)^ ^olE^ CTM ^]Jl£]-£) $1#*Kr ^Htt^. 7> 

£B|(895)^r ^(UP) S-cr cf^-(DOWN) 4^1 *Kn. ^B]J±elH^ XIJUCALH SH°11-sM 

.2 -E. (OFFSET C0DE)1- ^3 3£L^ ^ -g^* DLL 3] 3.(810) ifl^l *fll 

^£-¥-(813)3. afl^sM, AM 3 ^ ^ = (DQx)^ cflolEi<4CTM ^IJ:^ ofle^ 

# ^3. DLL 2)3.(810)3. n]ol^yjj5]^ ^ Aljr(tclkO) ^ofl *}<g^t}-. 
<44> *flJE.e| ^1(800) si ^-*h8- £ 9<4 ^ol oie^^lcf. 

<4 5> (a) sSsmaiM-a ^1^1(CAL)7> 3*1 S.-fefl^olig ) ifljjL ^ ^IJUtclkH] S^^Ji tfi 

t cfloleKDataW -g-#«H #^ cflojE] sfl.E.(DQx)3 dH^} *J^t}. iflJjL §3 A}jL(tclk) 
» ^MM^lfe- 7]§ #^<y CTM m^ cflo]El 2fl = (DQxHl ^ t-flo]Ei A>olol] Aj] 

*flei(AE)7} 

<4 6> (b) ?lz)M.e\}o}# <0jr(CAL)7}- gr>o]efl*iS- ^ols)^, vflH. Ai^(tclk)^- sgel 
Als(CAL)^l -S-^Hfr ^]4 ^ ^(874)4 X|4 #^ H. eM ^ (884)1- -f-Sfl #^ dM 
Ei 5flc(DQ x )7l- S^tf. ol Tfl, c-flolEi j*Hi=(DQx)S1 cflolel^. CTM AijtSl 

* ^12 ^#^-(890)^1 ^*fl ^(UP) 2E^ q-^r(DOWN) ^]S7> ^r^^cf. ^ (UP) 
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3Mr cf^(DOWN) *\3LS± *t e) J=L ii)H >g a]Jl(CALH1 -g-#*Kr ^ cf£ 7bgrBl(895H] ^*fl ^ 
^ ^^cfl 2 til H 51 _2_^ S= (OFFSET C0DE)7> 
<47> ( c ) ^^aeflol^ -<0s(CAL)7l- SWefltfJs Tfl^ 51, <L**M S= (OFFSET 

C0DE)7> DLL 33.(810)^ afli ^HK813)S *fl^£M, vfl^ #^ ^UUtclk) CTM m 

3 41 -M" cflol^ 2fl = (DQx)^ CjjojE^^ ^E^ oflE^7> «V^€cf. ZLiqSH, cflo} 

Ei 3fl = (DQx)^ cflolE^ CTM ^IJl^I ^#*>7> iL^-sH, ^ ^IJUtclkHl 

^ #^ cflojEi sfl^(DQx)^ c-HolE-ISf CTM M o^^-ol «^^l^c}. 

<48> ( d ) o] 7flEly.Eflol>g A]Jr(CAL)7} S-fefl^S. ^1 ^ , ^ 4£ (895) 

^ S = ^r 00S. el^I^cf. o]ofl nfE]- DLL S]5.(810)-b *fll ^ ^l^(tclkO) 

* ^S^l 90°^1^a1^ ^a^i}. ojoil rt)-E]- tfl-tjL ^ ^l^(tclkO)^ 71^ AiJiol CTM 

Aljrc^ c^jxl^ #=j cflolE| Sfl^.(DQx)^ CiHEi ^ X\ ^ ofl ^.Tfl ^tf. 
<49> a. t^ofl ^Al^]# % VJ7 S ^^O.^ O]^ ^Al^ol ^ofl 

^,^71^ £-o)o] ^.AT-^ ^Al-g- 7].^ 7>e]-^ ol^E] Cfoj:^. £*g ^ .g.-^ ^ ^^^7]- 
7>^*>^ o)tm ^ojcf. H^i, ;*}^ 71^^ ig<^ 

7]^^ A>^H1 SlSfl ^*fl7^> ^ ^olcf. 

<so> ^*§<>\) CTM m^i HslQ ^ tHlolE^ AjJis^ ^flE^ ofle^ <yo.7i 

^ #S} JitfS^l ^*>^, x^lSEl Xfl^-ofl o^V ^-Cf^- 7>^El# ^ 

iff-ofl cfl-§-5]^ SL^Jl 51 = 1- 1^*1 ?1 4. j>a/jj DLL s\S,S, ^o]^^o] C TM 
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3 v\)5LZ\ #*)^ ^f-Aj-g. £_z.# S^l- ^a] 71 71 l£2] ^ a.j= 
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11 

!H3*Rr 31# ^#^f ; 
-§-#*M ^^1 sj=# i^Rr ^ ?l-££i; 

#71 tL^O^ Al^ofl -g-^H ^1-71 ^.2^1 ^CS. ^A]8>J1, ^>7l Sl^ A] 

ssf *fll ^ ^12 #*M- zl-zl- ^ m ^ x] ± q ^ 2 m ^ ai^^ ^J*Kr DLL sis; ^ 

«l*Rr 3# ^'15. sis. #*l. 
2] 

&<H*1, #7l DLL s}JMr 

#71 ^ A]JL<4 0°^1 #7l afll ^#^>1- ^ #7l *fll #3} Al^fif ^>7l Sl^- 

41 :M" 90°^1 #71 *fl2 ^#*}«- ^Hr #71 #^ igJ-^Rr ^-g- ^lo S ^ 

3] 

^12*oH1 31°]*], #71 DLL S]S^ 

#71 DLL SlSS^-E^ ^7} *fli #^ A]^7> ^s)^- e^a}- ^t!: el- 

<y* #71 a]2 41 -M- #71 ^ 41Jl^ $!#*>» 3#*Hr 3# ^#Jf ; 
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^71 £#^1 ^*fl ^71 A#*H -g-^-SH 7}*1 *l<g ^(variable delay 

amount)!- S^*>^ i^HB a] ; 

*r4I*Hr XI l ^-W; 

^-71 xi 2 1K>^ #§H -S-^H ^-71 xi i aijii- t^sRr xli *H^f ; 

^71 i^MH t^AI^ -g-lg-SH ^"71 XI 2 #^ ^*Kr X12 3# 

» ^Hl*Hr ^3^.3. *Rr s]S 

4] 

#^ cflolB) Al^«X- ^ M 4!Jl#3 ifM- i^Hb XI3.3 5a°H, 

A o V 7) i-ff- ©J^fe ^E] W.Efl ^S^l o]oflol^-S] J7 t #7] <g 5E±r Cj-£ Ajx^l 

-§-^*><X ^3 ^.H^l 3.EL% t^sfe tf£ 7>^Ei; 

A o V 7l ?fle]ti.eflol^ Aj^ofl -§-#3H ^-7] 2£f ^M0*}jl, ^-71 <^ A] 

Jr£|. XI 1 * XI 2 fl^J-*}* zj-zj- X}2 4lJl» *H^Hr DLL s\S.\ 

#7} xi l #3 ^1^7> ^-e]^- B^«y-i- 5£^5Kr XI 1 

^7] x]l ^-«J*}X) #7] XI 2 Als7> XI 2 33.^; 
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#7l Al ^ISL^} #7] ?lemelH^ ^l^ofl -g-^H #7l #^ x$o]b\ 

#7i #3 slsmh^ ^«a*>7n #71 ^12 ^12 ^ 

1- <g ^71 DLL 3x]o1h.««a) #^ 2=£}-°l«l ^-a>«s. ^wl^ S-^ 

5] 

*ll4%Hl &<>H, #7] DLL s]^^ 

^7l 5^ ^.SL^ 0°^ Aj- 7 | afll ^-7} 7]}l *\s_2\- <#7] 

#^ 90° 3] s&7] 42 3#*># ^-7] 7fl2 #^ Aljr-g. I^Rr ^-g- ^ °_3L 

[^T 1 * 6] 

^14^1 91°]*], ^7} DLL 5] 5.^ 

^7} ^fOjLofl 2]^fl Aj- 7 | o^Aj-^ofl -§-^H 7>£ *l<g ^(variable delay 

amount S^sfe i^MH ^^1; 

1- ^l*Rr ^lli ^KPf; 
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#7l ^|o|I u]X\o] ^ofl -§-#«H # 7 ] Xl2 4!Jl# li^Rr *fl2 fl# 

7] 

#7l #^ C-flolE^ Als^ #71 ^ AlJlfifSl ifl# ^ S^r Cf^r 

#71 iif- iL#8- °^sl^ ajBe1« 4! 5^- #7l <3 £E^fr cf^ Ajiofl -§-^>c^ 

2\ as.-* iHSsHr #7fl; 

DLL **fl #71 9]^- xU gj XI 2 ^#*>« z|z]- ^ xl 1 ^131 

^ *H2 ^IJL* lM3*Kr #31; 

^■71 DLL sjS-^Jf #71 XU #jr 7 > ^El^ E}-<y^ -§-<Htb 

^sl^ #71 X12 #3 -ilJ:^ #71 £lJf ^l^sq-sl ##*># 3 #711; 

^7} Jfl#*HI -g-^SH 7># *1<3 ^(variable delay amount)!- 2^*Kr 

#711; 31 

#71 ?l^ti.eflo]^ X]s.6\] -§-#*H #7l ^-Cf£- ^E-lS.JfE-1 Xl^Tr £. = 31 SJ=# 

#71 xu ^SH* #71 XI 2 Al^l- n-^}^ ^-xi* ^1^ ^-g- S.^ O. 

^f?- J±# u-^ . 
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8] 

XI 7^ sa«H-H , #s) i^- 

1 <2]Jf #£| Ai^fif 0°^ ^-71 afll #5^- 

^■7] *fl2 #^ ^IJl^ ^7l #^ ^IJlSl- 90° ^ #7] A2 fl#*>* £"51^- ?}-8: 

^^.1 ^ ^ ^ . 
9] 

^-71 <qjjL A]^Sf ^1 ^ ^2 3#*V« ^ ^ ^ U Aljrsq. ^ 2 fgj A]Jr 

it lM§*Rr #31; 

A o V 7) ^ Jitf^ aj^fe ajsjy eflol^ Al^o) ^J^jt. aV 7 ] gc- cJ.o. Aljrofl 

-g-#*H Sl*$ 3.^9 iH^Rr #31; 
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-*7l 3-^2) B^jHl -§-^H #7] #^ HS-Q ofl^ofl # 7 ] ^ $]o]e\ 

10] 

^19%H1 91^*], ^-7] pfla^ #*]o] *.=f. ^ yj.*^ 

^-71 ^ltSj ^S.^ ^"71 <q^. A}Jr<2}- 0°^ ^"71 ^1 ^^># ^"5L^ 

A oM ^12 ^l^^r ^"71 ^ 90°^ #71 2fl2 Atf*** «H9S|fe- 

f^As s}^- nflasi ^ #^ iff y o v ^ . 
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